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- The signature of the examiner who conducted the interview (if Form is not an attachment to a signed Office action) 

It is desirable that the examiner orally remind the applicant of his or her obligation to record the substance of the interview of each case 
unless both applicant and examiner agree that the examiner will record same. Where the examiner agrees to record the substance of the interview, 
or when it is adequately recorded on the Form or in an attachment to the Form, the examiner should check the appropriate box at the bottom of the 
Form which informs the applicant that the submission of a separate record of the substance of the interview as a supplement to the Form is not 
required. 

It should be noted, however, that the Interview Summary Form will not normally be considered a complete and proper recordation of the 
interview unless it includes, or is supplemented by the applicant or the examiner to include, all of the applicable items required below concerning the 
substance of the interview. 

A complete and proper recordation of the substance of any interview should include at least the following applicable items: 

1 ) A brief description of the nature of any exhibit shown or any demonstration conducted, 

2) an identification of the claims discussed, 

3) an identification of the specific prior art discussed, 

4) an identification of the principal proposed amendments of a substantive nature discussed, unless these are already described on the 
Interview Summary Form completed by the Examiner, 

5) a brief identification of the general thrust of the principal arguments presented to the examiner, 

(The identification of arguments need not be lengthy or elaborate. A verbatim or highly detailed description of the arguments is not 
required. The identification of the arguments is sufficient if the general nature or thrust of the principal arguments made to the 
examiner can be understood in the context of the application file. Of course, the applicant may desire to emphasize and fully 
describe those arguments which he or she feels were or might be persuasive to the examiner.) 

6) a general indication of any other pertinent matters discussed, and 

7) if appropriate, the general results or outcome of the interview unless already described in the Interview Summary Form completed by 
the examiner. 

Examiners are expected to carefully review the applicant's record of the substance of an interview. If the record is not complete and 
accurate, the examine r will Lgiyejhejapplicant.an.extendable-one-month- time- period-to correct-the record: 

Examiner to Check for Accuracy 

If the claims are allowable for other reasons of record, the examiner should send a letter setting forth the examiner's version of the 
statement attributed to him or her. If the record is complete and accurate, the examiner should place the indication, "Interview Record OK" on the 
paper recording the substance of the interview along with the date and the examiner's initials. 
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**************************** 

WARNING: This facsimile message and accompanying documents are intended only for ihe use of the 
addressee indicated above. Tn formation that is privileged or otherwise confidential may be contained therein, If you 
are not the intended recipient, you are hereby notified that any dissemination, copying, review or use of the above 
message or Ihe accompanying documents is strictly prohibited. If you have received this message in error, please 
notify us immediately by telephone or facsimile, and mail the original to us at the above address. Thank you. 

Ptease~contact the sender at (65 0) 3 27 -3 400 if youhaveany problems receiving ih is'transmissioit: 
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Cancer Immunotherapy using Autologous Tumor Cells Combined 
with Allogeneic Cytokine-Secreting Cells 

J. C. Hiserodt et al. , University of California jF^^ 

Proposed Claims; 



31. A method of stimulating an anti-tumor immune response or treating a neoplastic 
disease, comprising administering to ajsubjedja composition comprising either a an 

^ allogeneic cell genetically altered to produce a cytokine at an elevated level, or the 
progeny of such a cell, wherein the cytokine is stably associated in the coll outer 
membrane. 

32. The method of claim 3 1 , wherein the cytokine is selected from the group consisting 
dflL^4,GM^^ _ _ _ 

33 rThe method of claim 31, wherein the cell is a cancer cell. 

34. The method of claim 31, wherein the cell is from a cancer of the same tissue type as 
a tumor in the subject. 

35. The method of claim 3, wherein the cancer is an ovarian cancer or a brain cancer. 

36. The method of claim 31, wherein the cell is allogeneic to the subject. 

37. The method of claim 31 , wherein the cell is histocompatibly identical to the 
subject. 

38. The method of claim 31, wherein the composition further comprises a tumor- 
associated antigen, and wherein the combination of the cytokine and the tumor- 
associated antigen in the composition is effective in treating a neoplastic disease or 
eliciting an anti-tumor immunological response in the subject 

397^Ph<fr*neth od of claim 3 8 , wh e rein tho t ttrnor-associated antig e n is obtained fr em- a 
eel-t-atttelegons-to-the subj e ct 

40, The method of claim 38, wherein the tumor-associated antigen is expressed by the 
same cells expressing the membrane-associated cytokine. 
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41 . The method of claim 38, wherein the composition comprises a combination of: 

a) the cell expressing the m<mibrane-as$ccjated. cytokine; and 

b) a tumor cell autologous to the subject; 

wherein the combination is effective in treating a neoplastic disease or eliciting 
an anti-tumor immunological response in the subject. 

42. The method of claim 41, wherein the tumor cell is a primary tumor cell dispersed 
from a solid tumor obtained from the subject. 

43. The method of claim 41, wherein the tumor cell is a glioma, a glioblastoma, a 
gliosarcoma, an astrocytoma, or an ovarian cancer cell. 

44. The method of claim 41, wherein the tumor cell is inactivated. 

45. The method of claim 31, wherein the cell expressing the membrane-associated 
cytokine is inactivated. 

46. The method of claim 31, wherein the cell produces a secreted cytokine in addition 
to the cytokine stably associated in the outer membrane. 

47. The method of claim 31, wherein a majority of the cytokine produced by the cell is 
^ present on lhe outer membrane of the cell. — — — — 

48. The method of claim 38, wherein the cytokine is selected from the group consisting 
of 1L-4, GM-CSF, IL-2, TNF-a, and M-CSR 

49. The method of claim 31, wherein the composition comprises at least two cells, each 
of which has been genetically altered to produce a different cytokine at an elevated 
level, or is the progeny of such a cell, and wherein each cytokine is stably 
associated in the outer membrane of the cell. 

50. A method of stimulating an anti-tumor immune response or treating a neoplastic 
disease, comprising administering to a subject a composition comprising a tumor 
associated antigen and a population of cells expressing a transmembrane cytokine 
at a level sufficient to stimulate an immune response to the tumor associated 
antigen in the subject. 

51. The method of claim 31, wherein the cell is a human celk 

52. The method of claim 31, wherein the cytokine naturally occurs as a membrane 
cytokine. 

53. The method of claim 31, wherein the cytokine is a fusion protein comprising a 
heterologous transmembrane region. 
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54. The method of claim 31, wherein the cell has been transduced with a rcirovirai 
expression vector^or is_the_progcnvof cell. _ _ _ 

-55,_Tlie,method.of_claim Ji,.vtWch js jjn immune 

response, 

56. The method of claim 31, which is a method for stimulating a secondary immune 
response. 

57. The method of claim 3 1, which is a method for treating a neoplastic disease. 



58. The method of claim 31, further comprising providing the cytokine expressing cell 
that is present in the composition. 

59. The method of claim 38, further comprising providing the tumor associated antigen 
that is present in the composition. 

60. The method of claim 3 1, further comprising transducing a cancer cell with an 
expression vector encoding the membrane-associated cytokine. 

F:\DOCUMENT\IRVN (UC Irvinc)\001div2\Drafts\get4 - CLAIMS.doc 
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96-368-3 IRVN001DIV1 GET-3 



Cancer Immunotherapy using Autologous Tumor Cells Combined 
with Allogeneic Cytokine-Secreting Cells 



3 1 . A pharmac eutical composition comprising a^ell genetically altered to express a 
cytokine stably associated in the cell outer membrane, or the progeny of such a cell, 
and a pharmaceutical excipicnt 

formulated for administration to an allogeneic human subject : 
which upon administration to a subject is effective in treating a neoplastic 
disease or eliciting an anti-tumor immunological response in the subject. 

_32._The composition of.clairn 31 s wherein the cytokine is selected from the group 
consisting of IL-4, GM-CSF, IL-2, TNF-a, and M-CSF. 

33. The composition of claim 31, wherein the cell is a cancer cell. 

34. The composition of claim 31, wherein the cell is from a cancer of the same tissue 
type as a tumor in the subject. 

35. The composition of claim 34, wherein the cancer is an ovarian cancer or a brain 
cancer. 

36. The composition of claim 31, wherein the cell is allogeneic to the subject. 
37T^Flt6^empofr itioii of claim 3 1, wherc m-the cell is-h istocompatibly idont ieaUo4he 



38, The composition of claim 31, further comprising a tumor-associated antigen, 
wherein the combination of the cytokine and the tumor-associated antigen in the 
composition is effective in treating a neoplastic disease or eliciting an anti-tumor 
immunological response in the subject. 

39, The composition of claim 38, wherein the tumor-associated antigen is obtained 
from a cell autologous to the subject. 

40, The composition of claim 38, wherein the tumor-associated antigen is expressed by 
tbx~samc~ccl!s~ex^e^ 



J.C. Hiserodt et al, University of California 



Claims: 




subject. 
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4L The composition of claim 38, compriifing a combiiiation of: 

a) the cell expressing the membrane-associated cytokine; and 

b\ aJ.umor_cell;autologous tolhe subject; : - - - 

wheYein the combination is effective in treating a neoplastic disease or eliciting 
an anti-tumor immunological response in the subject 

42, The composition of claim 41, wherein the tumor cell is a primary tumor cell 
dispersed from a solid tumor obtained from the subject, 

43, The composition of claim 41, wherein the tumor cell is a glioma, a glioblastoma, a 
gliosarcoma, an astrocytoma, or an ovarian cancer cell, 

44, The composition of claim 41, wherein the tumor cell is inactivated. 

45, The composition of claim 31, wherein the cell expressing the membrane-associated 
cytokine is inactivated. 

46- The composition of claim 31, wherein the cell produces a secreted cytokine in 
addition to the cytokine stably associated in the outer membrane, 

47. _The composition of 'claim 31, wherein a majority of the cytokine produced by tlic" 

eel I is present on the outer membrane of the cell. 

48. The composition of claim 38, wherein the cytokine is selected from the group 
consisting of 1L-4, GM-CSF, 1L-2, TNF-a, and M-CSF. 

49. A composition comprising a tumor associated antigen and a population of cells 
expressing a transmembrane cytokine at a level sufficient to stimulate an immune 
response to the tumor associated antigen. 

50. A unit dose of the composition according to claim 31, wherein the number of cells 
is at least about 5 x 10 6 but not more than about 2 x 10 R . 

5 1 > The composition of claim 3 1 , wherein the cell is a human cell. 

52, The composition of claim 31, wherein the cytokine naturally occurs as a membrane 
5cytokine. 

53, The composition of claim 31, wherein the cytokine is a fusion protein comprising a 
heterologous transmembrane region. 

54, The composition of claim 31, wherein the cell has been transduced with a retroviral 
expression vector, or is the progeny of such a cell. 
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55, A method tor producing the composition of claim 31, comprising transducing the 
cdl with mi cxprcssi 

_ 56^h(Lmethod_of_c 

57, The method of claim 55, wherein the cytokine is selected from the group consisting 
of 11^4, GM-CSF, 1L-2, TNF-ot, and M-CSF. 

58, The method of claim 55, wherein the cytokine is expressed under control of a 
cytomegalovirus (CMV) promoter. 

59, The method of claim 55, wherein the cell is from a cancer ofthe same tissue type as 
a tumor in the subject. 

60, The method of claim 55, wherein the cell is allogeneic to the subject, 

61 , The method of claim 55, wherein the cell is histoeompatibly identical to the 
subject. 

62, A method for producing the composition of claim 38> comprising transducing a cell 
with an expression vector encoding the membrane-associated cytokine, and 

providing-the transduced cell in-combination witlvthe tumor-associated <u\tigen7~ 
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-To-mor Cell Surface Expression of Cr-anulocyte-MacFopbage 
Colony-Stimulating Factor Elicits Antitumor Immunity and 
Protects from Tumor Challenge in the P815 Mouse 
Mastocytoma Tumor Model 



William Soo lloo, 1 Katherine A, Lundeen, Joshua R. Kohruxnel, Nhat-Long Pham, 
Slcvcn W\ Bros to IT, Richard M« Bartholomew, and Dennis J. Carlo 

A novel incmbranc-bourtd form or GM-CSF (mbGM-CSF) was expressed on the surface of lhe mouse mastocytoma cell line T815 
to Irtrgol lumor cell-associated Ags to epidermal Langerh&iis cells. Transfecled clones .stimulated the proliferation of syngeneic 
bone marrow cells, indicating that mbGM-CSF is biologically active. Wc evaluated the in vivo effects of mhOM-OSl' by comparing 
lhc growth or xnhGM-CS*' cells (termed 1T)6\IE5) to that of wild-type P&1S cells in DBA/2 mice, The growth rates of tumors 
initiated by P815 and 1D6.1E5 were similar until day 12, after which P815 tumors grew to large sizes while 1D6.1E5 tumors were 
rejected* In contrast, the growth of both tumors was unimpeded when injected into nude mice, suggesting Chat a T cell-dependent 
antitumor response was induced by lDfi.lES ixy normal mice» Lymphocytes from 1D6\1E5-Vaccin»ted mice were able to kill 
5l Cr-labcled 1*815 cells in a dose-dependent fashion that was inhibited by nnti-CD8 Abs, suggesting that the antitumor response 
Involved CDS*' CTL. We then tested whether vaccination with those cells would elicit a protective antitumor response by injecting 
mice with cither irradiated IDoMTO or P8I5 Cells and challenging them with nonirradiuted P815 cells. IDoMES-trcatcd mice grew 
small tumors that soon disappeared in all animals. In contrast, the majority of animals receiving the irradiated wild-type tumor 
vaccine grew large tumors, and 50% died. These data demonstrate that mbGM-CSF expressed on the surface of tumor cells is 
biologically active and elicit^ protective antitumor immunity* The JonrnaLof Immunology, 1999, 162: J7343=7349 



P reclinical tumor models ustng-geneticaUy modified tumor 
cells to secrete cytokines have been used in c [Torts to aug- 
ment Ihc immune response against tumor-associated Ags 
(1, 2), One q: the more promising cytokines for Lhe induction of 
potent antitumor activity is GM-CSF. This 24-kDa glycosylated 
cytokine has paracrine as well as autocrine effects on a number of 
cell types, including monocytes, dendritic cells, eosinophils, and 
neutrophils (3, 4). In preclinical and clinical studies, GM-CSF se- 
creted from tumor cells has been shown to be a po ten I stimulator 
of antitumor responses (5-8). The consensus from these studies 
suggests dial GM-CSF stimulates APC such as dendritic cells 
(DC) 2 to generate potent Immune responses. 

DC arc the most poient APC in the immune system (9-11) and 
arc able to prime naive T cells almost 30-100 times more effi- 
ciently than 0 cells (12, 13), Langerhans cells (LC) htc immature 
DC that reside in lhc epidermis and continually sample Afi en- 
countered in this compartment. Once LC receive the appropriate 
Stimulus (e.g.. GM-CSF\ TNF-rt, TGF-/3, and LPS), they mature 
into DC (14) and migrate to lymph nodes, appearing widiin 24 h 
and peaking at 2 days after Ag uplake (15, 16), when they initiate 



The Immunti RtcpiMite CurponUion, Cailsbad, CA 92008 

Receive^ for pnbiiCiiliun Junuury 14. 1999. Accepted for [yublkuiiun Man;h 24, 1999. 

The com of pubilcuiiwt of ihti article were defrayed in part by the payment of puge 
charts. This article man therefore I* Hereby murked wtvertLiinmt in accordance 
wiih IS VS.C Section 173d solely to indicate tfiis facv 

' AMviS CorrcjpuniJunci: nnd reprint irqucsU to Dr. William Soo lloo (surname is 
Soo lino). T1»c Immune Rwponse Corporation, 5935 Darwin Cl, Carlsbad, CA 
9200B. E-mail nddrcM: you^.sli$ l curtJilink-nct 

7 A b focvi.il ions t»cd in thit p\\\ *tir, DC , dendritic cells; mbGM-CSF. membrane- 
uuuiiu GM-CSF; LC I_iiitBiiri»ii«fl c*=ll>; Pi/Gil*, piutelci-dcrtvcd gfuwiii fuciur ru- 
CC|Uur, CIM0I„ CIMO ligaiwi. 



die aclivaiiouoC naive T cells. These characteristics have made LC 
and DC lhe focus of intense research qnd pliraciivc uirgcis for 
immunotherapy. Fmmunoihcrapcutic approaches using DC include 
Ag pulsing of autologous DC ()7 r 18), transection of DC with 
plnsmids encoding Ags (10), and fusion of DC to tumor cells (20, 
21). Taken together, these studies $lron£iy suggest Lhat to opti- 
mally induce »n immune response using LC and DC, two requi- 
sites mast be mcL First, LC must be in clonic proximity to lhc 
appropriate Ag(s), and second, LC must receive the appropriate 
signals to cause maturation and migration of Ag-loaded cells lo die 
lymph nodes to activate naive T cells, 

Wc report here the expression and use of a novel form of GM- 
CSF anchored lo lhc surface of the mouse P8 1 5 mastocytoma line 
through fusion wiih a heterologous transmembrane domain. Wc 
tested the hypothesis that lumor cells modified to express mem- 
brane-bound GM-CSF (mbGM-CSF) would effectively tar^t tu- 
mor Ags to DC and provide an effective immune response against 
lhe unmodified parental tumor cells. 

Materials and Methods 

Mice 

female mice, 8-10 wk old, and HAl.TVc nu/uu mice wore pur- 
chased Trom Charles Rivttft Laboratories (Wilminginn, MA)- 

Antibodics 

The following Abs were purchased from PharMingcn (San Die^o, CA). 
AnLi GM CSP Ab MP1-22K9 (a m on I i -mouse GM-CSP mAb) T anti%r.OR 
Ab 53-6,7, 2R.14.8 (a mouse anLi-L d Ab), SFM-I (a mouse ami-K J Ab), 
34-2-12 (a mouse anti-D 4 Ab). and an isniypc-malcncd control Ab I^G2a. 

Cells 



a uu,4i hivm^V \<r* J UliiaiUVyiOma Ul2iivwti uuiu nib uuniit |ii\»u.Svi. »viillH, 

was a gift from Dr. David M. Krauz (Univcraity of Illinois Urb«nr», !£.)• 
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MEMBRANE-BOUND CM-CSF ELICITS SYSTEMIC ANTITUMOR IMMUNITY TO P815 



Clones 11)1 tint) \\% arc mbGM-CSF- positive cells derived from P815 
iransfeeied with the vector made in described below, The clone ID6.1E5 
is a subcicne derived from the 1D6 cell line by limiting dilution cloning. 

Was mid vectors 

For expression of an mbGM-CSF molecule, die pHOOK-1 plasmid vector 
was used for cloning (Invitrogen, Carlsbad, CA). Standard DNA cloning 
ted VniqueS were u sed for c nns truction or the vectors. r ~ " " ~~ 

ComUvcthn of mouse mbGM-CSF 

The pHOOK-l plastnid vector originally contained the coding sequence for 
a single-chain Ab located between the murine tf-cliain fcifinid peptide and 
the platelet-derived growth factor receptor (HXjFR) transmembrane do- 
main coding sequences. The gene encoding the single-chain Ab was re- 
moved by cutting with restriction enzymes Apal and Sal\, The resulting 
vector was treated with calf intestinal alkolinc phosphatase (Life Technol- 
ogies, Gaiiheriburg, MD) to remove the terminal phosphate groups, 

The cDNA of murine GM-CSF was derived from PCft using UALB/c 
mouse inRNA from spleen cells stimulated with 4 ^ifi/ml Con A for 2 days. 
The cells were tyscd in RNAzol (Life Technologies), and the total RNA 
wpa extracted, Olipo(dT) primers were used to prime the synthesis of 
cDNA from tar^i mRNA, The following PCJR, primer? were used with Taq 
polymerase in a standard PGR reaction using a Perkin-FlmcrThcrmocyder 
(Noiwalk, CQ: 5'Apa mseGM-CSr?, 5'-OCTAGGGCCCTAGCAC 
CCACCCCCrCACCCATCAC(-3'; and 3'Sal mseGM-CSP, *'-AC 
CGCGGTCGACT 1 TV'YQG ACTGGTTTTTTCCATTCAAAOGGG-3'. 
The resulting l*CK fragment was purified and cloned into compaliblo sites 
in pHOOK-l using T4 ligase {Life Technologies). 

Tmnsfection of cells 

Flecuoikii'ation was used for transfecting the plasmid construct into PS15, 
Briefly, cells were grown in log phase using standard tissue culture meth- 
ods in Kl'Ml 1640 supplemented with 10% FDS and antibiotics. Cells (5 X 
10'') were elearopwatcd at a voltage of 250 V in the presence of 50 
--linearized plasmid vector. Cells wwc tlu;n inCubatt^ wiuTBt>07i-B/ml C4I8 
(Life Technologies), and subclones were screened by FACS for the pres- 
ence of OM-CS F on ihc surface of the cells (as described below). 

Flow cytometric assays 

Cells (If/ 1 ) were washed once with 2% FDS in PBS. The cells were re- 
suSpcnrled in 50 yA of wash buffer containing 40 jxg/ml rat iuili -mouse 
tiM-CJSF Ab MP1-22E9 and were incubated on ice for 30 niin. Cells were 
washed twice wiih wash buffer and were resuspended in wash buffer con- 
taining □ fluorescein -labeled secondary Ab (goal and-rat, mouse absorbed; 
Kirlcega:ird & Perry Laboratories, Gai then, burg, MD) and were incubated 
on ice 30 min. After two washes with wash buffer, the cells were res ap- 
pended in 500 *d Of POS. In some experiments cells were fixed with 4% 
paraTormnldtshyde in TBS. For How cytometric analysis, a Dccton Dickin- 
son FACSojI was used (Dccton Dickinson, San Jose, CA). 

Bone marrow proliferation studies 

P8IS or dune 11)6.1 R5 cells (10 7 ) were incubated with 750 m stall mito- 
mycin C for 30 min at 37*C. The Cells were extensively washed with TBS, 
pli IX containing 5% (v/v) FBS, resuspended in RTMI 1640 medium 
supplemented with 10% HIS and antibiotics, and then added to round- 
bottom uclls at die amounts indicated. In lesi wells. 3X10* DBA/2 bone 
marrow cells were added, and ihc cultures were incubated for 2 days at 
37°C in 5% COj in q humidified incubator. The wells were then pulsed 
with I ftCi/wel| t 3 H]thymidino and harvested the next day using a Cam- 
bridge Technology PHP cell harvester (Watcrtown, MA). 

Evaluation of live tumor growth 

Wild-type T8I5 cells (I0 6 ) or mbGM-CSF dune* at a concentration of 
20 X 10° cells/ml were injected intradcrmally into the hind flanks of 
DD A/2 mice. In other CJCpei'iilKHlS, tumor cells were injected inliadennally 
into BAUVc rmAw mice. Tumors were measured three times per week 
over the course of the experiment starting 7-1 u days after the injections. 
Tumor sbes are expressed as a product of the longest diameter and the 
shortest diameter as measured by 3 calibrated micrometer. Five to ten mice 
per group were injected. 

E valuation o f irrjidigredjumoryaccination 

Wild type 1'tflS cells (10 6 ) or mbGM-CSF clone ID0.1R5 were Irradiated 
with 20,000 rad in (he presence of complete tissue culture medium using a 
JLShepcrd and Associate? model 109*85 Irradiator wiih a "Co source. 
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FIGURE 1. Construction of the mbGM*CSl- plasmid vector. pHOOK-l 
was the commercial plasmid vector into which the 372-nucleuiide cDNA 
of GM-CSF was cloned. Apa\ and Sal\ restriction endonuctea.se sites were 
added by PGR using primers indicated in Materials and Methods. 



After irradiation, cells were washed with complete medium once, then 
extensively with PBS before injection into one flank of DBA/2 mice (10 
micc/gioup). After 15 days the mice wevc bousled wiih the same number 
of cells in ihe same manner. Mice receiving irradiated wild-type cells were 
designated the control group. Five days after the boost, both groups of mice 
were challenged s.c. in the Opposite flank with J0 fi live wild- type PS 13 
Cells. Tumors were measured as described above. 

release assays ~ — ~ ~ 

Groups of five mice were vaccinared intradenmJIy in the hind flank with 
10 6 irradiated tumor cells widi or without mbOM-CSF, Mice were boosted 
intradcrmally, and spleens were removed 5 dnys after the boost. Spleen 
cells were incubated with irradiated PS 1 5 cells at a ratio of 10:1 (.spleen 
cells;lumor cells) for $ days in complete medium. After stimulation with 
tumor cells, spleen cells were harvested, separated from dead celN and 
debris by Nycodciw density cenirirugadon (Accurate Clwnu'cal & Scien- 
tific Corp., Wesibury, NY), then depleted of CD4* tells by Dynal mag- 
netic bead SCparalion (Dynal, \a*C SUCCWS, NY). Target cells WCte pre- 
pared by adding 1$0 pC'\ of JI Cr to 3 X 10* PS 15 celts in log phase growth 
for I h at 37°C with occasional agitation. The clfector cells weie ihen 
incubated at the indicated E;T cell ratios wilb ^k^r-labcled T81S cells for 
4 h in a humidified 37°C incubator. In Ab inhibition cxpcriincrtts. ami-CD8 
Ahs or a mixture of anli-class I Abs were used with the fiitat Concentratinnj 
of Abs indicated, Supeinaiiuiu were then evaluated for 5, Cr roleu.se. The 
percent specific lysis was calculated as follows: 



% specific lysis 



(cpjaumbud - cpm„„ l1IB1IBB ) J 



X 100. 



Results 

Construction and expression of a mcmhraiic-attchorctt 
GM-CSF gene 

The mouse GM-CSF gene consi sling of 372 nucleotides w;ta am- 
plified fryin eDNA derived from Con A-stimulaicd nioiuc s^plcno- 
cylcs, placed under control of ihc CM V promoter downstream of 
a murine Ig K-chain signal sequence, and fused to the sequence of 
the PDGFR transmembrane domain (Fig, I), Wc look advantage of 
the commercial vector, pHOOK-1, which w>k orifiinnlly dcsigiictj 
to express a hapien-spccific single-chain Ab anchored lo the 
plasma membrane throuiiji Ihc PDGFR uansmcmbninc domain 
(22). Cells transfected with pmbGM-CSF were selected under drug 
treatment, arid subclones were derived from limiting dilution elon^ 
-1 ng.-FAGS- an ajysis dcmo2sL r ale<i ih^^rn rX3M r CSF"\vas ex pre.s.'ieT 
at levels comparable lo that of the endogenous class I molecule, 
K d , while isotypc-maiched control Abs failed to stain cells (Fifi, 2). 
For cx|X>amcnl$ in which transfcclcd cells were irradiated to liak 



Received from < > at 2127/03 12:25:56 PM [Eastern Standard Time] 



it- 1 . 



THU 09:20 AH 



FAX NO. 



p; 10 



the journal 6 f I mmu n ology 



7345 




Log Mean Fluorescence 

FIGURE 2. Surfoci; expression of mbGM-CSF. P815 cells transfcclcd 
wiih ihc pmbfiM-CSF phumicl. vector wen; stained wilh a mAb to mouse 
GM CSP, unti-K*\ or ixolypc-rwirchcd (TfiG2a) control Ab and anqty7,cd by 
How cytometry. 



cell division, we observed that 20,000 rati (lid not alter the levels 
of mbGM-CSF on Ihc surface of cells (data not shown). It is in- 
teresting to note that P815 Cells express approximately 10 ? GM- 
CSF receptors/cell (23); however, wc did not observe any signif- 
icant coagulation or cell -cell clumping compared with diosc of 
wild-type cells (W,S,R and K.A.L., unpublished observations). 

mbGM-CSF cells stimulate bone marrow cells to 

proliferate in an in vitro proliferation assay 

One of the important effects of GM-CSF is the stimulation of DC, 
_resuitingJn_ihcir_maturrMiOTUm 

Ac-sampling cell to AFC For efficient delivery of A g to naive T 
cclls r wc believe -it necessary formbGM-G5F to be-biologically 
active. Therefore, wc determined whether mbGM-CSF would be 
able to mediate a signal to cells that are normally responsive to 
soluble GM-CSF. We chose to stimulate syngeneic bone marrow 
cells, which. express the GM-CSF receptor and proliferate in the 
presence of soluble GM-CSF in a dosc-dcpCndcnt manner (24). In 
Fig. 3, cells expressing mbGM-CSF stimulated the proliferation of 
bone marrow cells, while the control wild-type P815 cells did not 
(Fig. 3A). This stimulation was specifically inhibited by the addi- 
tion of an anli-OM-CSF mAb in a dose-dependent manner, 
whereas an isolypc control Ab had no effect (Fig. 2>D), GM-CSF 
also could be detected by EUSA at low levels in supernatants of 



membrane-bound clones (<8 pfi/10 6 eells/24 h). However, these 

irtw.il.- n f HtnAnS^.u KaI^... iU„* i r„„ .>r.u..TA 

lion of bone marrow cells and approximately 4000-fold Jess than 
antitumor immune response in mouse tumor models (25). 



~Gro\vih-mtes of PS T5~ vs~lD6r!'E5'ce Us tfre uhin iprdcdm vitro ~ 
and in vivo in an immunocompromised host 

We wanted to ensure that any differences we might observe in 
tun i or growth in in vivo experiments were not due to differences in 
the intrinsic growth rates of die trans fceictf Cells vs wild-type cells. 
Therefore, the growth rates of bodi wild-type PS15 ilnd transfcclcd 
clones were compared in vitro. Fig. 4A shows that the growlh rales 
of ID6.1E5 cells (a subclone of 1D6) were essentially (be same as 
those of wild-type cells. Also/ic made no difference whether the 
Iransfcctcd cells were growing in the presence or die. absence of 
the G418 selection drug. Growth rales were also determined to be 
C*lUuT in T ccll-dcficicnt BALB/e nu/tw nude mice (Fig. 4tf). These 
data sugfjCsl thai in the absence of a significant T cell response, 
cells expressing mbGM-CSF grow as solid tumors at the same rule 
as wild- type cells. An observation was made in all the in vivo 
studies wilh both nude and normal DBA/2 mice dint there was a 
characteristic reduction in die mean tumor si/c of mice after 1 8— 20 
days. This apparent reduction was die result of Ihc death of mice 
with the largest tumor burdens. Wc noted that ihc mean values of 
tumor size rose again, which represented the continued £rowLh of 
tumors in the remaining mice. 

vivo tumor rejection of live tnljGM-C SF cells in DBA/2 mice 

Normally, P815 cells will grow as solid tumors when injected into 
- a~syngeneic host It was'of "interest* to determine" whether there 
would be a difference between the growth of tumors initiated by 
irynsfectcd clones and wild-type cells. Noniiradiaied PS 1 5 cells or 
clones baring mbGM-CSF (designated 1D1 and 1D6) wore in^ 
jcclcd ihtradennaJly into the flanks of DBA/2 mice. Initially, both 
mbGM-CSF cells and wild-type PS 15 cells grew similarly in the 
host. However, on day 12, tumors caused hy die mbGM-CSF cells 
were quickly rejected, while wild-lypc P815 cells produced tumors 
that grew to significantly lar^c sizes (Fig. 5>, Indeed, for clone 
1D6, 100% of animals became tumor free, while clone 1D1 
showed low, but measurable, numbers of lumors. These animals 
were later challenged with live wild-type P81S in ihc opposite 
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FIGUKK 3, In vitro assessment of ihc biological activity of mbGM-CSF tumor cells. A, Mitomycin C-trca ted (nimc) stimulator cells (solid triangle, 
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in ihc ratios indiciurcf. MitoniyciA C-trL-jicd siimulator cells were also cultured wuhout BMC to control for background counts pt,T minmc <o|x;ji u'iangJc, 
1D6.1K5 cells nlone; Open Circle, P8J5 cells alone). B, DMC were stimulated by mitomycin C-trcalcd 1D6.IE5 cells at q rytjo of 3:1 (lD6il£i5: HMC) 111 
the presence of increasing amounts of anii-GM-CkSP or isorype-maichtrd control Abs. 
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KIGUKK 4* Growth comparisons of mbGM-CSF clones with wild-type P815 cells. A, Cells were settled wiih complete medium at 5 X 10 1 cells/wdi 
in 75 -cm 2 culture llasks and counted on the indicated days. D t 1D6.1E5 cells or P815 cells (I X 10 d ) were injected i,d. into BAUVc nude mice (five mice 
per group) and observed for tumor growth and survival. 



Hiunk and were able to reject these tumors, Ii was interesting that 
the FACS comparisons between these two clones showed that 
^ clone A D6 expressed a significantly-higher density of mbGM-CSF- 
than did 1D1 (data not shown), which may explain the differences 
observed between the responses to 1D6 and 1D1 injections. For 
Hi esc reasons, we continued experiments Willi a subclone of 1D6 
leniievf IPG, IBS. Preliminary experiments from our laboratory us- 
ing a transfectcd PS 15 cell line expressing a membrane-bound 
form of \\A (associated with a Thi cytokine response) demon- 
strated that mbIL-4-cxprcssing cells were not rejected as elllcicntly 
as cells expressing mbGM-CSF (W. Soo Hoo and J. R. Kohrumcl, 
Unpublished observations). 

Vaccination with irradiated clones yields protection from a 
witd-typc tumor challenge 

Prevention of the growth of nonirradiated tumor cells may be a 
function of innate immunity responding to the proinflammatory 
effects of GM-CSF as opposed lo the longer lasting effects of an 
adaptive immune response. To evaluate whether the mbGM-CSF- 
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expressing cells (1D6.1B5) could elicit a protective and systemic 
antitumor response, irradiated 'cells were used to vaccinate mice 
be fore-challenge- with noiuiTadiaieJwild-typcPS 15 ecl Isr DBA/2 - 
mice were injected intradermally with J Q ft cells in Hie IcfL flank and 
boosted 15 days later with ihc samenumher of 'cells' iiflhc same " 
flank. Five days after the last vaccination, ihc mice were chal- 
lenged s.c with nonirradiated wild-type tumor cells in the opposite 
flank. Although all mice developed palpable tumors in the first 2 
wk, only animals vaccinated wiih mbGM-CSF cells were able to 
reject their tumors completely ► By 30 days after the initial chal- 
lenge wiih wild- type tumor cells, the treated group did not show 
any signs of tumor growth and remained tumor Tree throughout the 
remainder of the experiment, The control group, however, grew 
large tumors, and 50% of the mice died (Fig, 6, inset). In another 
experiment, mice were prevaccinaied with half the dose (5 X 10 s 
cells), and a group was added thai received no vaccination before 
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FIGURE C. Vaccination with mbGM-CSF cell si protects mice from a 
wild-type tumor challenge. DBA/2 mice (10 micc^roup) were prevacci- 
naied with 10 ft irradiated 1D6.1C-5 or PS 15 cells intrndc rmaH y in one hind 
~nSnKTRvc~<!hys after boosting in the szny& flunk, rifiirnuU wltc chuiienged 
s.c. with 10° nonirradinicd PS 15 cells in the opposite flank. Tumors JMd 
survival were observed on ihc indicated days. Mlled bars, PH15 vnccin.l- 
xion; open bars, 1D6.1E5 vaccination. 
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FIGURE 7. Vaccination with low doses of mbGM-CSP provides pre- 
lection Pfj.iinsl a challenge bf wild-type tumor cells, lir^djqted ID6.1E5 or 
P8 15 cells (5 x 10*) were injected inttadoKnaUy into mice (10 mice/yroup) 
and boosted. Five clays later, mice were challenged sc with 10 fi nonirra- 
dialed PS 15 colls in die opposite flank, and wmors were observed on the 
indicated days. Open burs, 1D6.1R5 vaccination; filled bars, P8tS vaccj- 
n»i;nn: shaded bars, no prcvacci nation. 



challenge. Once nfinin, the majority of mice vaccinated with the 
mbGM-CSF cells were able to completely reject their tumors, while 
no significant dillerencc was observed between either the mice vac- 
cinated wiih wild-type P815 Cells or those receiving no vaccination 
(Fig. 7). 

Antitumor activity is mediated by CTfj 

_ln tight of the .results of. tumor. growth mjiudejfiicc-and the -ki- 
netics of tumor rejection in other experiments, it seemed reason- 
.able, to assume Uiatthc antitumor aelivUy observed in normal mice 
was due in large part lo a proliferation of tumor- specific T cells. To 
lest this idea, mice were immunized with I0 6 irradiated mbGM- 
CSF clone 1D6.1E5 or wild-type P815 cells. Five days after a 
boost with the same number of cells, splenoeytcs were isolated 
from all mice and given one round of stimulation by irradiated 
wild-type PS 1 5 cells. The question was then asked whether CTL 
from these preparations could kill wild-type PB1S tumor cells, In 
Fig. 8A, mice that have been vaccinated with mbGM-CSF cells 
produce significantly more anii-P8l5 CTLs than mice receiving 
the wild-type vaccination. Ami -CDS Abs (at a final concentration 
of 125 /ig/jnl) could inhibit the specific killing (Fi£. 85), indicat- 
ing dial the killing was CD8 + CTL dependent. Furthermore, when 
a mixture of anti-class I Abs (L J , K°, D d , each at 42 jig/ml final 
concentration) was used, they also inhibited the killing of PS 1 5 
target cells, although to a slightly lesser degree (Fig. SB). Isotype 
control Abs Tailed to inhibit CTL killing of P815 targets (data not 
shown). In a number of experiments, the mbGM-CSP cells con- 
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FICUKK 8. Vaccination with 1 D6J E5 cells generates wild-type tumor* 
specific CTL thai are inhibited by anti-CD8 and anli-class I Abs. DLJA/Z 
mice were vaccinated with 10" irradiated or P815 cells and 

boosted on day 14. Five days after boosting, splcnocytes were prepared and 
Stimulated in vitro for 5 days in the preiencc of irradiated Pill 5 cells, A, 
CTf, were cultured in ihe presence of s, Cr-lnbctcd P81 5 Cells in a standard 
4*h chromium release asfoy at the indicated E.T cell ratios. />, Mice were 
primed and boosted as described above and CTL killing (E;T cell rutio f 
30:1) was inhibited by specific Arn. Filled bars, no Ab added; open bars, 
anq'-CDft Abs (125 ftfi/ml); shaded bars, ami-( f d , m\-K\ al)l^D' , (each at 
42 jifi/inl). 



sislenlly elicited CTL in a manner superior to P815 wild-type cells 
(Table I). 

Discussion 

-To our knowledge, this-is dic-fim-rcport-of a-solublc cytokine 
genetically engineered to be expressed in a membrane-bound form. 
There ai c examples of cytokines expressed as mcmbraric-aiicltored 
proteins; however, these represent natural alternative splice forms 
(Rets, 26 and 27; reviewed in Kef, 28). Earlier work by Tao and 
Ixvy showed that GM-CSF fused to a single protein Ag was a 
potent immunogen and that the GM-CSF component of the fusion 
protein was biologically active (29). Also, the Uircc-dimcnsional 
su'uciure of GM-CSF described by l3ic<trichs CI al. suggested that 
the molecule could be fused through its carboxyl terminus without 
hindering the putative receptor contact points (30). \n liyhl of mis, 
we thought it reasonable that anchoring the GM-CSF molecule lo 
llic cell surface could be accomplished while maintaining its bio- 
logical activity. Thus, we have taken advantage of die high affinity 
interaction between GM-CSF and its connate receptor CD116/ 
CDwl31 (K d » 120 pM) (31) to target tumor AfiS to epidermal LC 
through direct cell-cell interaction. 

In this study we have demonstrated that a novel mbGM-CSF on 
the surface of the PfilS mastocytoma cell line can generate an 
antitumor immune response in syngeneic DBA>2 hosts. The 



Table I. bam from three CTL assays from mire vaccinated with PSJS celix with or without mbGM-CSF" 
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' T cell ciilmrcs derived rrom animals vaccinated with PB15 cells were sllmuluurU in vilro with irradiated P813 cell*, wbile T cell culture derived from aaIihi'iIs v;urcinalcd 
wllh cell* were stiiniikued in vitro wlih Imidiaied ]OdlE5 cells. 

J T cell cultures were stliWuUied in vitro with irradialed WIS cell* rpgitrdtc« of the cells used for vaccinntion, 
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inbGM-CSF molecules arc expressed at levels comparable lo those 
of class I molecules (Fig. 2) and arc able to stimulate bone marrow 
cells in an in vitro analysis demonstrating that the membrane* 
bound molecules have retained biological activity (Pig v 3). Based 
on our nssays using soluble recombinant mouse GM-CSF, we cal- 
culate that a response yielding a stimulation index of 20 was equiv- 
alent to.2,6 X 10 10 molecules of. soluble GM-CSF. The number of 
1D6.1E5 cells that produced the equivalent stimulation was 3 X 
10 5 culls. Assuming that the activity/binding affinity of mbGM- 
CSF is the same as that or soluble GM-CSF and diat each mbGM- 
CSF molecule on the surface has an opportunity to bind receptor, 
we estimate that there are 10* moteculcs of mbGM-CSF/ccll. Tn 
studies using 1 ^[-radiolabeled anti-L, 4 mAbs, the P815 tumor 
line expressed approximately 6 X 10 s molecules of L d on the 
Surface (40). 

71 ie P8I5 tumor cell line is known to be moderately immuno- 
genic in the syngeneic host (32), and repealed vaccinations with 
wild-type T&15 cells result in some antitumor immunity. For this 
reason, wc determined that the most appropriate controls for these 
studies are mice vaccinated with wild-type cells. In the experiment 
in which nonirradiatcd mbGM-CSF P815 cells were injected into 
mice, tumors grew during the first 10-12 days. After this time, 
however, the tumors were quickly rejected until no palpable tumor 
was delected (Fig. 5), while wild-type cells grew to large si?cs, 
resulting in 50% mortality. One explanation Tor this initial growth 
is that the priming of the immune response through the interaction 
or GM-CSF and DC results in a short lag period before sensitized 
CTL can be generated in sufficient numbers. In contrast, Nakajima 
ct nl. demon st rated that rejection of P815 cells transfected to ex- 
_prcss CD40L was-irnmcdintc (i.c.yno tumor growth wns observed) ,~ 

and they showed that this rejection was due to a significant con- 
tribution- of NK cells (33), When the mbGM-CSF cclls~wcrc in-" 
jecled into BALBA; nude mice, the transfected cells grew at the 
same rate as wild-type cells. This is in contrast to the results seen 
in the Naknjima report in which CD40L-P815 cells suppressed 
tumor growth in nude mice, suggesting that the mechanism of 
antitumor immunity using mbGM-CSF is different from that used 
by Lhc CLM0-CD40L system. Our results are in agreement with 
those obtained by Sampson ct al., who reported that the contribu- 
tion of NK cell activity elicited by soluble GM-CSF from modified 
M6 melanoma cells is measurable, but relatively minor (6). This 
further suggests that the immunity elicited by mbGM-CSF cells is 
T cell dependent and that very little, if any, innate immunity is 
involved. 

The rejection of live mbGM-CSF cells demonstrated the dic- 
tation of an immune response directed to the modified tumor cells. 
This is in contrast to an initial observation in a study by Dranofl" el 
al. in which they report that injection of live tumor cells secreting 
soluble GM-CSF grew progressively, inducing lethal toxicity and 
hcputosplcnomcgaly (5), However, when used as an irradiated vac- 
cine, the GM-CSF-secreting cells induced strong antitumor immu- 
nity. From this observation one might Speculate that the mbGM- 
CSF may be safe, since injection of live cells did not produce any 
lethal toxicity. Taken together with the data we have shown in 
uLhymic mice (Fig. 48), wc hypothesized that the rejection of live 
mbGM'CSF cells is mediated by a T cell -dependent systemic im- 
mune response and that this response to 1DG.1E5 cells may extend 
to the parental P8I5 ceils. 

The final goal of this study was to show that CTL generated 
using a vaccine composed of irradiated mbGM-CSF cells could 
elicit an imn^cj^por^ji re eled to the u nmodified . _parental_ 
"tumor cell line both in vitro and in vivo. When used as a Cell 
vaccine, the mbGM-CSF P815 cells were consistently superior to 
similar vaccinations of wild-type P815 cells in the clicitalion of 



tumor-specifie CTL (Fig. 8 and Table I) against the challenge of 
unmodified tumor ggI]s ; These observation! arc ;r» agreement wlih 
the idea dial GM-CSF is a potent cytokine adjuvant for the clici- 
talion of antitumor responses. Since the major tumor Ags (e.g., 
pi A and p2Ca) of P8 15 are known, wc plan to examine the spec- 
ificity of CTL generated to the mbGM-CSF P8 1 5 cells with regard 
to ilicir rccognition of specific peptide~Ag$,The demonstration "of 
tumor-specific CTL docs not rule out the possibility thai a relevant 
humoral immune response was also elicited. Future studies will 
investigate whether cells or sera from immunized animals can be 
adoptively transfcrcd to convey protection from a tumor challenge 
Or induce eradication of established tumors. 

The mbGM-CSF differs from the current cytokine secretion par- 
adigms in two distinct ways. First, contact with mbGM-CSF by 
GM-CSF receptors on dendritic cells requires direct physical con- 
tact wilh the cellutar vaccine. In strategics where cytokines are 
secreted into the cxtmccllutar milieu, it may be tempting to spec- 
ulate that DC would receive maturation signals coming from a 
gradient concentration of soluble GM-CSF without being close 
enough to lake up specific Ags optimally, Also, it has been noted 
by others diai lhc use of secreted, soluble cytokines requires rel- 
atively high rates of secretion for prolonged periods (—36 ng/I0° 
cells/24 h) (24). Depending on the mode of tnmsfcetion and the 
Clones isolated, this may prove to be a serious limitation. The 
second distinction of this strategy lies in the ability to engage mul- 
tiple GM-CSF receptors on a given DC. Stimulation of LC with 
GM-CSF causes maturation of LC in culture (34-36), resulting in 
the ujvregulation of cosiimulaiory molecules and increased ex- 
pression of class I and class II molecules (3J, 38), An .additional. 
"signaTis ~provfdca\ by the local production of TNF-rr, which is 
responsible for the rapid_migmlion of these cclls-10 lymph nodes 
(39). We postulated that a high avidity celNcell contact wilh mul- 
tiple GM-CSF receptors on LC would cause the LC lo experience 
a stronger signal bansduction via the GM-CSF receptor «- and 
(3 -chains for efficient Ag uptake and rapid migration to lymph 
nodes. One of the aims of this system was to optimize trans- 
duction of the signal that leads to the maturation and migration of 
DC, By increasing the avidity (i.e., the number of reeeptor-ligand 
inltr ructions) between the tumor cell and the APC> wc propose that 
the signal transduction to the DC is optimised. 

The data shown here provide evidence that specific, systemic 
antitumor immunity can be elicited by tumor cells expressing GM- 
CSF on their surface. We believe that the adjuvant effect provided 
by mbGM-CSF is a result of the Ag-prcsenting DC in physical 
contact with the source of Ag (tumor cell). Urns efficiently stimu- 
lating the antitumor response. Whether mbGM-CSF is more effi- 
cacious than secreted GM-CSF remains lo be tested, and we arc 
conducting experiments in olher tumor models to directly compare 
the membrane-bound and secreted forms of GM-CSF, 
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